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PreviewsK63 polyubiquitin chains. They propose
that the RIG-I polyubiquitin complex
acts like a catalyst that needs only a
transient interaction with MAVS. Such
a mechanism would allow a rapid and
strong immune response upon detection
of only a few virus particles. At the same
time, however, it raises the important
question of which mechanisms are in
place to revert such a robust immune
response in time in order to prevent the
immune system from going awry. In this
context, the identification and character-
ization of specific DUBs (in addition to iso-
peptidase-T) that control the amount ofunanchored polyubiquitin in the cell or in
specific signaling complexes will be
extremely important.REFERENCES
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In this issue of Immunity, Kageyama et al. (2012), Zhao et al. (2012), and Dong et al. (2012) show that the
adaptor protein SAP regulates both positive and negative signals through SLAM receptors to stabilize
intercellular contacts.The SAP (signaling lymphocytic activation
molecule-associated protein) family of
adapters plays critical roles in multiple
immune functions. The importance of
SAP in immune regulation was first under-
lined by the discovery that SAP ismutated
in cases of X-linked lymphoproliferative 1
(XLP1) disease, a human immunodefi-
ciency characterized by an abnormal re-
sponse to Epstein-Barr virus (EBV) infec-
tion. Upon infection, XLP1 patients fail
to clear EBV-infected B cells and dis-
play massive lymphoproliferation; XLP1
patients can also develop hypogamma-
globulinemia and malignant lymphomas.
Defects in the development and/or func-
tion of a large variety of immune cells
have been reported in SAP-deficient
XLP patients, as well as in SAP-deficient
mouse models. These include impaired
Th2 cell cytokine production by CD4+
T cells and CD4+ T follicular helper (Tfh)
cell function, a near absence of NKT cells,reduced cytotoxicity of NK cells andCD8+
T cells, decreased antibody production,
and impaired reactivation-induced cell
death of T cells (Cannons et al., 2011).
The B cell defect observed in SAP-defi-
cient mice is mainly secondary to the
defect in T cells (Qi et al., 2008). Whether
or not the remaining defects result from
common molecular and cellular mecha-
nisms is still debated. Three papers in
this issue of Immunity help to bring clarity
to these questions (Dong et al., 2012;
Kageyama et al., 2012; Zhao et al., 2012).
SAP family members, including SAP,
EAT2, and ERT, act by modulating the
function of a family of receptors known
as the SLAM (signaling lymphocyte acti-
vation molecule) family of receptors. The
six members of SLAM family receptors
contain two or four extracellular Ig-like
domains and a signaling motif in their
cytoplasmic domain known as the immu-
noreceptor tyrosine-based switch motif(ITSM), which function by binding to SAP
family members. Except for 2B4, which
interacts with CD48, all the other SLAM
family receptors are activated through
homotypic interactions.
Because SAP is a small protein, com-
posed of a single Src homology-2 (SH2)
domain and a short C terminus, and
because the ITSM motif is similar to the
ITIM motif, it was initially thought that
SAP promoted cell activation through an
anti-inhibitory mechanism, by blocking
the interaction of SLAM family receptors
with SH2 domain containing phospha-
tases such as SHP-1, SHP-2, and SHIP-1
(Cannons et al., 2011; Dong et al., 2009;
Sayos et al., 1998). However, SAP can
also directly transduce activating signals
that are known to be important for SAP-
dependent IL-4 production by CD4+
T cells. For example, SAP binds the tyro-
sine kinase Fyn (Latour et al., 2001) as
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Figure 1. SAP Family Adaptors Regulate Positive andNegative Signals through SLAMFamily
Receptors
After the engagement of Ly108 and 2B4 SLAM receptors, SAP binds to the phosphorylated ITSM
domains of the receptors and activates Fyn, which promotes the stabilization of the contacts with the
target cells. SAP also blocks the recruitment of phosphatases (SHIP-1, SHP-1, SHP-2.) to Ly108 and
2B4. In the absence of SAP, these phosphatases are recruited at the immunological synapse (IS) by
Ly108 and 2B4 and decrease the stability of conjugates by inactivating signaling proteins such as Lck
and PLC-g.
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Previewsfar, however, it is not clear whether both
pathways are involved in all SAP-depen-
dent immune functions or what the rela-
tive contributions of the positive and
inhibitory signals through SLAM family
receptors are.
Dong et al. (2012) studied the mecha-
nisms by which SAP enhances NK cell
activation in response to hematopoietic
cells. They show that both the induction
of activation signals and the prevention
of inhibitory signals through SLAM family
receptors by SAP are required to promote
optimal NK cell killing of target cells. SAP
induced positive activation signals by
coupling the 2B4 SLAM receptor to Fyn,
which led to the phosphorylation of the
exchange factor Vav-1. However, SAP
(as well as EAT-2, another SLAM family
member expressed in NK cells) also pre-
vented the binding and phosphorylation
of SHIP-1 to 2B4, blocking the ability of
SHIP-1 to inhibit calcium fluxes.
Zhao et al. (2012) and Kageyama et al.
(2012) reached similar conclusions re-
garding the role of SAP in CD8+ T cell
killing of B cells and in CD4+ T cell interac-
tions with B cells, respectively. In the
absence of SAP, SHP-1 bound to the
SLAM receptor Ly108, inhibiting the func-
tion of the T cells. Ly108 was also deliv-900 Immunity 36, June 29, 2012 ª2012 Elsevering positive signals, as shown by the
fact that the absence of Ly108 en-
gagement in SAP-expressing cells also
impaired T cell functions. Finally, both
mechanisms were also important in NKT
cell development (Kageyama et al.,
2012). NKT cell development in SAP-
deficient (Sh2d1a/) mice is blocked at
an early stage, but the simultaneous
depletion of SAP and Ly108 was able to
rescueNKT cell development (by prevent-
ing inhibitory signaling through Ly108) but
only partially (because positive signals
were also lost).
Whereas both positive and anti-inhibi-
tory SAP-dependent pathways affect the
functions of different immune cells, the
specific downstream effector varied with
the cell type. SHIP-1 was the major phos-
phatase recruited to 2B4 in NK cells in the
absence of SAP, whereas SHP-1 was
recruited to 2B4 and Ly108 in SAP-
deficient T cells. The relative contribution
of the positive and anti-inhibitory path-
ways also appeared to depend on the
cell type. For NK cells, the major effect
of SAP was through the activation of Fyn
(Dong et al., 2012). Indeed, NK cells ex-
pressing a SAP mutant unable to bind
Fyn but still able to block SHIP-1 recruit-
ment were almost as inefficient as SAP-ier Inc.deficient NK cells in killing hematopoietic
target cells. In contrast, the cytotoxic
activity of CD8+ T cells and the ability of
CD4+Tcells to interactwithBcells to stim-
ulate germinal center formation seemed
to mainly depend on the ability of SAP
to prevent the recruitment of SHP-1 to
Ly108, as shown by the fact that T cells
deficient for both SAP and Ly108 were
as effective as wild-type cells (Kageyama
et al., 2012; Zhao et al., 2012). Finally,
NKT cell development required both
mechanisms (Kageyama et al., 2012).
Positive and anti-inhibitory pathways
might also be important for different func-
tions within the same cell type. For ex-
ample, the ability of CD4+ T cells to form
conjugates with B cells depended mainly
on SAP blocking the recruitment of
SHP-1 (Kageyama et al., 2012), whereas
Th2 cytokine regulation in CD4+ cells
requires Fyn and PKC-q activation by
SAP (Cannons et al., 2010; Davidson
et al., 2004). The relative requirement of
the positive and anti-inhibitory signaling
pathways may also depend on the nature
of the target cell (and its level of ex-
pression of SLAM receptors) as well as
the quantity of antigen present, at least
in vitro. Thus, it would be interesting to
determine how the relative contribution
of the positive and anti-inhibitory path-
ways varies depending of the nature of
the pathogen.
Another intriguing problem in the
field will be to understand whether the
defective development and/or function of
SAP-deficient CD4+ Tfh cells, CD8+
T cells, NK cells, and NKT cells result
from similar underlying phenotypic de-
fects. In vivo imaging studies showed
that the impaired generation of germinal
centers in Sh2d1a/ mice may be
secondary to the inability of SAP-deficient
CD4+ T cells to form stable contacts with
B cells, leading to inefficient recruitment
of Tfh cells and a defective germinal
center reaction (Cannons et al., 2011;
Qi et al., 2008). Similarly, Kageyama et al.
(2012), Dong et al. (2012), and Zhao
et al. (2012) all showed thatSAP is required
to stabilize cytotoxic CD8+ T cell:B cell
contacts as well as NK cell:hematopoietic
target cell contacts because stable conju-
gate formation required both the positive
and the anti-inhibitory signals of SAP
(Figure 1). This suggests that many of the
defects observed in SAP-deficient XLP
patients, such as impaired clearance of
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humoral response, may derive from the
inability of SAP-deficient immune cells to
form stable interactions. Because NKT
cell development requires thymocyte-
thymocyte interactions, it would be inter-
esting to confirm that SAP deficiency in
NKT cell development destabilizes thymo-
cyte-thymocyte contacts.
Imaging studies of the immunological
synapse (IS) by Zhao et al. (2012) and
Kageyama et al. (2012) can potentially
provide a mechanism for how SAP defi-
ciency may lead to decreased conjugate
stability. Both studies showed that
Ly108 was recruited to the center of the
IS of T cells conjugated to B cells. In the
presence of SAP, SHP-1 was excluded
from this central region. In contrast, in
Sh2d1a/ T cells, SHP-1 was present
throughout the entire synapse. This
affected the localization of proximal
signaling events, such as Lck phosphory-
lation at the IS (Zhao et al., 2012). It is
well known that localized signaling at the
IS is critical for optimal downstream
events such as cytoskeletal reorganiza-
tion, polarization, and adhesion to the
target cell. Therefore, local inhibition of
signaling pathways by SHP-1 recruitment
to the IS, as well as the absence of local
positive signaling through SAP, can
explain why SAP-deficient T cells cannot form stable conjugates. Indeed, in
the case of CD8+ T cells, SAP deficiency
was associated with defective cyto-
skeleton reorganization (decreased clear-
ance of the actin from the central region),
leading to impaired T cell polarity (Zhao
et al., 2012).
In summary, three papers in the current
issue of Immunity show that SAP has
a unique signaling mechanism that modu-
lates both positive and negative signaling
pathways through SLAM receptors (Fig-
ure 1). In the presence of SAP, this allows
for the engagement of SLAM family mem-
bers to have a steep amplifying effect on
T, NKT, and NK cell activation, linking
cell-cell adhesion with the signaling
machinery. This forward feedback loop
induced by SLAM family receptor adhe-
sion could then enhance inside-out sig-
naling by integrins, further enhancing
conjugate formation, allowing for addi-
tional SLAM receptor engagement. Im-
paired contacts between cells can explain
most of the immune defects observed in
SAP-deficient mice and XLP1 patients.
Further studies will be required to confirm
that SAP deficiency also impairs lym-
phocyte interactions in XLP1 patients
and to assess the relative contribution of
SAP-regulated activating and inhibitory
pathways through SLAM receptors in
human immune cells.ImmunityREFERENCES
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Interleukin 27 (IL-27) regulates immune responses, including T helper 17 (Th17) cell activity. In this issue
of Immunity, Hirahara et al. (2012) demonstrate that IL-27 suppresses Th17 cells in trans through induction
of the inhibitory ligand PD-L1 on bystander T cells.The mammalian immune system utilizes
an arsenal of diverse and powerful
effector mechanisms to deal with a wide
variety of pathogens. Without proper
control, these mechanisms can not onlykill bacteria and viruses, but also inflict
serious damage, including death, to the
host. It is therefore of vital importance
that any given immune response is care-
fully balanced in a way that ensures bothpathogen clearance as well as survival
of the host. Negative regulation of the
immune system is a field of intense re-
search, not least because it holds great
therapeutic potential: various forms of36, June 29, 2012 ª2012 Elsevier Inc. 901
